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The infrared conductivity of V2O3 is measured in the whole phase diagram. Quasiparticles appear
above the Ne´el temperature TN and eventually disappear further enhancing the temperature, leading
to a pseudogap in the optical spectrum above 425 K. Our calculations demonstrate that this loss of
coherence can be explained only if the temperature dependence of lattice parameters is considered.
V2O3 is therefore effectively driven from the “metallic” to the “insulating” side of the Mott transition
as the temperature is increased.
PACS numbers: 71.30.+h, 78.30.-j, 71.27.+a
Conventional metals are characterized by well-defined
long-lived quasiparticles (QP) that exist up to a coher-
ence temperature Tcoh of the order of the Fermi tem-
perature. Due to the large value of Tcoh in comparison
with experimentally accessible temperatures, one cannot
observe the loss of coherence and of spectral weight ex-
pected when T >∼ Tcoh. On the other hand, in strongly
correlated electron systems the coherence scale is gener-
ally reduced. This is particularly true in the proximity
to the Mott transition, where the disappearance of the
QP across Tcoh [1] is therefore expected to be observ-
able. However, a direct experimental observation of this
phenomenon is still lacking in what is considered the pro-
totype of Mott-Hubbard systems: vanadium sesquioxide
(V2O3). In particular, there is no characterization, ei-
ther with optics or photoemission[2], of what happens
when QP eventually lose their coherence as temperature
is increased.
V2O3 presents a rich phase diagram shown in the in-
set of Fig.1a [3]. On increasing T the system under-
goes a transition from a low-T insulating antiferromag-
netic phase (AFI), with a monoclinic crystal structure, to
a high-T paramagnetic correlated metallic phase (PM)
with a corundum tetragonal structure. The insulating
phase shows a high resistivity [3, 4], indicating the ab-
sence of propagating QP excitations. The resistivity is
reduced by several orders of magnitude when crossing the
insulator to metal transition (MIT) at TN = 160 K [5].
Above 400K a badly conducting crossover regime (CR)
sets in, which has never been extensively investigated.
In this work we present measurements extending over
a temperature range much larger than in previous spec-
troscopic investigations (performed at 300, 170 and 70 K
[6, 7]). This analysis is made possible by studying the
infrared reflectivity R(ω) of a high quality single crystal
of V2O3 at near-normal incidence. Our work represents
the first systematic optical study of all the regions (AFI,
PM and CR) of the phase diagram, and it allows us to
follow the development of the QP emerging at TN from
the AFI insulating phase, their evolution into the metal-
lic state for increasing temperature and their progressive
disappearance above Tcoh ≈ 425 K, as the system enters
the CR.
The extension to high temperature leads us to the first
experimental evidence of the opening of a pseudogap in
this material. This is characterized by a strong loss of
spectral weight (SW ) at low frequency and a downturn
in the optical conductivity for ω → 0 (note that an
analogous downturn has been reported below 300 K for
strongly correlated systems such as SrRuO3[8] and, at
higher temperatures, for La2−xSrxCuO4[9]).
We also perform calculations with LDA+DMFT (local
density approximation combined with dynamical mean-
field theory[1, 10]) below and above Tcoh. We find that
the key effect behind the pseudogap formation is the
temperature dependence of lattice parameters [25], never
considered in previous calculations. The change is small
if measured on an absolute scale, but it has a surprising
outcome because of the proximity to the Mott transition.
At high temperatures, V2O3 lies in facts on the “insulat-
2ing” side of the phase diagram, as if, above Tcoh, one had
to bend to the left the blue-crosses straight line in the
inset of Fig.1a.
The R(ω) data were collected on a high quality single
crystal[11] between 100 and 21000 cm−1 with a Michel-
son interferometer and for temperatures between 100 and
600 K, completely covering the AFI, PM and CR phases.
Reference was taken on a metallic film (gold or silver, de-
pending on the spectral range) evaporated in situ over
the sample surface. The real part of the optical con-
ductivity, σ1(ω), has been calculated through Kramers-
Kronig transformations. Standard extrapolation proce-
dures [12] were adopted for the insulating or metallic
(crossover) phases at low frequency (constant or Hagen-
Rubens extrapolation), while a high frequency tail was
merged to our data, as in Ref. 6.
The reflectivity at selected T in the AFI, PM and the
CR phases is shown in Fig. 1a. At T = 100 K (i.e., well
below TN) and at 150 K- not shown - R(ω) exhibits an
insulating behavior with a phonon peak (not discussed
here) around 500 cm−1. R(ω) is nearly flat up to about
10000 cm−1 where a weak electronic absorption band ap-
pears [13]. For T > 200 K instead, the reflectivity is
metallic-like (i.e., R→ 1 for ω → 0) and decreases over
the whole infrared range as temperature increases. Al-
most no temperature dependence is found above 15000
cm−1 where all the reflectivity curves eventually merge.
A close inspection of Fig. 1b reveals in the three
regimes different behaviors for σ1(ω). In the AFI state,
σ1(ω) -in good agreement with previous data [6, 7]- shows
a well defined charge gap in the infrared. The absorption
in the gap rises with increasing frequency up to a broad
feature in the visible. This is the Mott gap between the
Hubbard bands of the strongly correlated AFI [1, 15].
On crossing TN an abrupt filling of the gap is induced
and σ1(ω) shows, below 1 eV, a metallic absorption due
to the appearance of QP, in good agreement with what
observed for resistivity [4, 5] and specific heat [14]. As
T is raised, σ1(ω) presents a strong temperature depen-
dence (see Fig. 1b), with a huge transfer of SW from low
to high frequency through an isosbestic point at about
6000 cm−1. In addition to the metallic term, a broad
band (MIR) is observed in the mid-infrared. This feature
was assigned [6] to the optical transitions from Hubbard
bands to the states around the Fermi energy[1, 15].
We have also performed four probe resistivity measure-
ments in the 200-600K range [16], in order to follow the
development of the metallic absorption and its evolution
with T . The behavior of σ1(ω) at low frequency has been
compared with DC conductivity (diamonds in Fig. 1c).
The ω → 0 limit of σ1(ω) and the DC conductivity are
in excellent agreement at almost all temperatures. This
agreement and the overall decreasing behavior of σ1(ω)
(dσ1/dω < 0), clearly observable for T < 400 K (see in-
set of Fig. 1c), suggests the presence of a low-frequency
QP contribution between 200 and 400 K. For T = 450
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FIG. 1: (Color online) a) Near-normal incidence reflectivity
of V2O3 shown at selected T over the 0 ÷ 18000 cm
−1 range.
The phase diagram upon doping with Cr and Ti [3] is recalled
in the inset. Markers indicate the measurements performed
in the present paper. b) Optical conductivity obtained from
the reflectivity in a), plotted in the same spectral range for
the same T . c) Optical conductivity is shown between 0 and
4000 cm−1 to stress the low-energy behavior. Diamonds rep-
resent the DC conductivity values as measured by four probe
resistivity technique. In the inset of c) dσ1/dω is plotted as a
function of frequency up to 2000 cm−1.
K, the low-frequency σ1(ω) starts to show a downturn,
dσ1/dω > 0 in a frequency range that increases with in-
creasing T (inset of Fig. 1c). We associate this change of
sign with the disappearance of QP. On increasing T from
450 to 600 K, the downturn eventually transforms into
a pseudogap at low frequency, while the MIR broadens.
The pseudogap formation in σ1(ω) is in agreement with
an anomalous enhancement of the DC resistivity of V2O3
when entering the CR [3, 4, 16]. Our optical measure-
3ments and, in particular, the changes of σ1(ω) observed
at low frequencies between 400 and 450 K (see inset of
Fig. 1c) lead to an optical estimate of Tcoh ≈ 425K in
V2O3.
To quantify the QP term just above TN , and its re-
duction on increasing T , we have calculated the spec-
tral weight SW using the restricted f sum-rule [12]
SW (Ω, T ) = 2mVV
pie2
∫ Ω
0
σ1(ω, T )dω where m is the mass
of carriers, e is the electron charge and VV is the volume
per V ion.
The temperature behavior of SW is reported for three
cutoff energies Ω in Fig. 2a, normalized at the 200 K
value. SW is nearly constant in the AFI state and shows
at TN a large, discontinuous jump, due to the appear-
ance of QP . However, on further increasing T , SW (T )
decreases. At the lower cutoff (Ω= 2000 cm−1) the dra-
matic loss of SW indicates the loss of coherence mainly
of the metallic term while at the highest Ω value (8000
cm−1), the decrease of SW is roughly due to both the
QP contribution and the MIR band. Therefore the loss of
SW mainly reflects the lowering of the QP contribution,
and, eventually, its disappearance.
As shown in Fig. 2c, for 200 K ≤ T ≤ 550 K the
SW is proportional to T 2, a characteristic behavior of
Fermi liquids. We repeat the analysis introduced for
the cuprates [17, 18], describing the SW as SW (Ω, T ) =
SW (Ω, 0) − B(Ω)T 2, where B(Ω) depends on the effec-
tive QP bandwidth, providing an estimate of the strength
of correlation. To single out the free-particle and MIR
contributions to the SW we choose as a cutoff Ω= 8000
cm−1, where σ1(ω) has a minimum. The value of B(Ω)
does not however significantly change if Ω is chosen up to
15000 cm−1, as far as the discussion in the present paper
is concerned. The same value of B(Ω), within the ex-
perimental error, is obtained also by subtracting the AFI
σ1(ω) from those in the PM state before integrating.
Defining b(Ω) = B(Ω)/SW (Ω, 0) we obtain, for Ω=
8000 cm−1, b = 1.6×10−6 K−2. This value indicates that
stronger correlation takes place in V2O3 with respect, for
example, to LSCO cuprate (b = 2.5 × 10−7 K−2) [17].
b(Ω) is instead comparable with that of other correlated
compounds as Nd0.905TiO3 (b = 2.2 × 10
−6 K−2) [19].
All those values are, however, much higher than that in
a conventional metal such as gold (b = 1.3× 10−8 K−2)
[17].
In the following we try to establish more firmly the role
of correlations in determining the observed phenomena.
Even if V2O3 is usually considered the prototype of Mott-
Hubbard systems, a number of indications suggest that
its properties cannot be consistently understood in terms
of a single-band Hubbard model, and multiband effects
as well as realistic physical aspects of the system need
to be considered[20, 21, 22]. Using the same effective U
values as in [15] (U = 2D for the PM and U = 4D for
the AFI phase, where D is the half bandwidth), even the
single band half-filled Hubbard model provides a correct
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FIG. 2: (Color online) Normalized SW for three different
cutoffs Ω as a function of T in: a) experiments and in b) a
single-band Hubbard model. The normalization of the theo-
retical data coincides with the experimental one if D = 1 eV.
c) SW integrated up 8000 cm−1 as a function of T 2, showing
a linear behavior.
estimate of the decrease of SW in the considered tem-
perature interval, ascribing it to correlation effects (see
Fig. 2b). This reduction ranges from 40 to 70% for the
different cut-offs [23]. However, the T scale is off by a
factor of two if D = 0.4 eV is chosen to reproduce the
correct size of the Mott gap in the single band Hubbard
model[15, 24]. We thus confirm that a single-band model
is able to mimic the physics of V2O3 but only using an
“ad hoc” prescription.
We present here a more realistic treatment of
strong correlations in V2O3. Extending a previous
LDA+DMFT calculation[21], we compute the first the-
oretical optical conductivity for V2O3[26]. In this ap-
proach the realistic band structure obtained by LDA is
used to build up a Hamiltonian which is then solved by
DMFT, using quantum Monte Carlo (QMC) as an impu-
rity solver.
In Fig. 3 we show σ1(ω) computed with LDA+DMFT
at T=300 and 700K, respectively below and above Tcoh.
Remarkably, our data are in nice agreement with the ex-
perimental result of Fig.1. In particular we reproduce
the observed high-temperature pseudogap. Had we used
the standard input (i.e., the lattice parameters at 300
K) for LDA+DMFT, the optical conductivity at 700 K
would have displayed a Drude-like peak rather than a
well formed pseudogap as in Fig.3 (red curve with solid
squares). The crucial ingredient of our calculation is
the change in lattice parameters of V2O3 with increasing
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FIG. 3: (Color online) LDA+DMFT optical conductivity for
V2O3 at two different temperatures. In the inset the temper-
ature dependence of the ratio c/a is reported (Data from Ref.
25). For V2O3 the change of c/a observed as a function of
T reflects in a dramatic change of the low-frequency optical
spectral, i.e. the disappearing of the metallic peak.
temperature, something always overlooked in any previ-
ous theoretical analysis. Early studies[25] show indeed
that the lattice parameters and the atomic positions of
undoped V2O3 markedly change around 450 K, as op-
posed to the Cr-doped compound whose lattice param-
eters are nearly constant in temperature. In particular,
above 450K the structure of V2O3 rapidly approaches
that of insulating V1.96Cr0.04O3 (i.e. its LDA bandwidth
slightly shrinks) as shown by the ratio c/a between the c-
and a-axis lattice constant from Ref. 25 (inset of Fig.3).
Such effect is taken into account in our calculations in the
following way: We fix U=5 eV[21, 27] and use, at T=300
K, the corresponding V2O3 crystal structure (blue cir-
cle in the inset of Fig. 3); for T=700 K we use instead
V1.962Cr0.038O3 as an input, which has almost the same
lattice constants and a very similar c/a ratio as that of
V2O3 at the same T (see red box in the inset of Fig. 3).
In conclusion, we measured the optical properties of
V2O3 in the whole phase diagram. We observed a dis-
continuous onset of the QP contribution above the MIT
and the opening of a pseudogap above Tcoh ≈ 425 K. This
result also calls for a confirmation from high-temperature
photoemission experiments, which are still lacking for
V2O3. LDA+DMFT calculation nicely reproduces our
experimental data. However, the opening of a pseu-
dogap above Tcoh can only be obtained including the
change of the crystallographic parameters with temper-
ature. Atomic or structural disorder does not seem to
play a fundamental role here, in contrast to what is ex-
pected for doped compounds[28]. We therefore attribute
the pseudogap formation in V2O3 to the temperature de-
pendence of lattice constants, which gives a small shrink-
ing of the LDA bandwidth upon heating. The effect is
however dramatic, as the change in the lattice parame-
ters effectively drives V2O3 into the “insulating” side of
the Mott transition.
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